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Problem Statement

The goal of this project is to quantify the optical and infrared extinc-
tion properties of dielectric particles. Tasks include the development of new
numerical methods and the use of these methods to analyze the polarized
scattering and absorption characteristics of nonspherical particles.

Summary_ of Results

Conducting Particle Studies

Internal, surface, and scattered fields have been calculated for prolate
spheroidal metal particles. Electrodynamic calculations show that the use of
the Rayleigh approximation is much more restricted for conducting particles
than one would expect based on experience with nonabsorbing particles. Howev-
er, a major finding was that metal particles which exhibit polariton re-
sonances can scatter considerable energy even when the size of the particle is
a significant fraction of a wavelength. Furthermore, enhanced scattering can
occur over a relatively broad b:ind of visible or infrared wavelengths, depend-
ing on the metal. Although earlier calculations had shown that Rayleigh-sized
particles can be efficient scatterers over a narrow wavelength band, it had
been assumed that larger particles would not be very effective scatterers.

Mueller Matrix Calculations

We have completed an extensive analysis of the Mueller Matrix for non-
spherical particles. The overall goal is to develop a scheme for extracting
particle size and shape information from the six unique matrix elements ob-
tained for randomly oriented spheroidal particles. It has been shown that for
particles with size parameters of five or less, Fourier analysis of the P

element (phase function) can be used to determine particle volume without
knowledge of the axial ratio of the spheroids. Subsequent analysis of the
spectral energy in the P2 2 element or of the angular variation of all six

elements compared to an equal volume sphere provides information about the
axial ratio. The signal processing method currently being used provides two
possible values of the axial ratio, one oblate and one prolate. Additional
work is required to resolve this ambiguity.

ScatteringbyC_oujped Fibers

The exact solution for the wavelength-dependent and angular scattering by
two parallel coupled fibers has been solved using the method developed by
G.O. Olaofe (Radio Science, 5, 1351-1360, 1970). Preliminary calculations
show good correlation with ex' rimental results provided by R.K. Chang of Yale
University. Furthermore, calculations which ignore the coupling between the
fibers, but which take into account the interference between the scattered
fields, correlate well with both the coupled fiber and measured results when
the fiber separation is large. These results should be useful in specifying
the transition between single scattering and multiple scattering for other
particle systems as well.



Soil Particle Scattering

A sample of soil particles have been modeled by a size/shape distribution
of spheroids. The goal was to investigate how well the measured scattering is
approximated by a similar distribution of spheroids and (assuming a
similarity) to use the calculated results to estimate scattering properties
(such as the forward scattering) that are too difficult to measure. Reasonab-
ly good agreement was found. In particular, it was found that the measured
angular scattering patterns are better approximated by a distribution of
spheroids than by a distribution of spheres of equal surface area or of equal
volume.
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